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Herein we describe a new strategy for preparing the dicyclo-
pentap,d]cyclooctenyl (5-8-5) ring system found in natural
products such as those illustrated in Figuré Several novel
transformations, including a selective{22] photocycloaddition
on highly functionalized cyclobutenes followed by a thermal
fragmentation of the resulting photoadducts are highlighted in

this approach. The convergent sequence generates the desired

5-8-5 ring systems in as few as six steps from readily available
materials> Moreover, the stereochemical outcome of the reactions
provide notable mechanistic insight into the key transformations.
With the introduction of a rapid means of generating func-
tionalized cyclobutened),® we envisioned new opportunities for
constructing important and synthetically challenging natural
productst Our plan for the expedient preparation of the 5-8-5
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Figure 1. Natural products with 5-8-5 ring systems.

o
Figure 2. Ortep plot of photocycloaddu&

several regio- and stereoisomers, we were encouraged to find that
some selectivity was indeed observed in this reactidior
example, as illustrated in Table 1, only two regioisomers were
formed in a photocycloaddition between cyclobuteéheand
cyclopentenone (entry 1). Furthermore, the selectivity was

ring system is summarized in eq 1. The first step requires a enhanced considerably in photocycloadditions with 2-methylcy-
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chemo-, regio-, and stereoselective-22] photocycloaddition
between cyclobutenkand cyclopenten2 to provide the strained
photoadducB. Subjecting this compound) to conditions that
selectively fragment the €C bonds of the central cyclobutane
(C2—C10, C3-C9) might then provide the desired produdj (
in just two steps.

While an intermolecular [2+ 2] photocycloaddition between
cyclobutenel and unsymmetrical cyclopentengsan produce

(1) For recent advances in the construction of cyclooctanoid-containing
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Chem. Soc1995 117, 3705-3716.

(2) Pettit, R.; Henery, JOrganic SynthesesWiley: New York, 1988;
Collect. Vol. VI, p 310.

(3) Tallarico, J. A.; Randall, M. L.; Snapper, M. J. Am. Chem. Soc.
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(4) For an alternative cyclooctanoid-forming strategy employing cy-
clobutenes, see: Snapper, M. L.; Tallarico, J. A.; Randall, M..IAm. Chem
S0c.1997 119, 1478-1479.

clopentenon® (entries 2-5), producing predominantly one regio-
and stereoisomer. Structural assignments of these architecturally
interesting photoadducts were made through NMR studies, and
in some cases, confirmed by X-ray crystallography. Figure 2
illustrates the Ortep plot of photocycloadd®ct

Table 1. Intermolecular Photo[2- 2]cycloaddition
Entry Cyclobutene Enone Major Product” Yield (conv)
Isomeric ratio®
Pr. H Pr, H H
91% (89%)
(1) . 5 1.2:1
5 >o7 Me 7 me' O
" "’ H %
55% (83%)
@ 5 EEE only isomer
8 9 me"
84% (71%)
only isomer
52% (68%)
only isomer

52% (80%)
8:1

~ #Minor isomer has carbonyl group on opposite side of cyclopentane
ring.

Examining the cyclobutane bonds in the photoadducts provided
some support for the proposed mode of fragmentdtidm.

(5) For other examples of cycloaddition/fragmentation strategies, see: (a) comparison to the length of certain cyclobutane@bonds (i.e.,

Wender, P. A.; Hubbs, J. Q. Org. Chem198Q 45, 365-367. (b) Winkler,
J. D, Bowen, C. M.,; Liotta, FChem. Re. 1995 95, 2003-2020. (c)
Crimmins, M. T.Chem. Re. 1988 88, 1453-1473. (d) Oppolzer, WAcc.
Chem. Res1982 15, 135-141. (e) Wender, P. A.; Eck, S. Metrahedron
Lett. 1982 23, 1871-1874. (f) Lange, G. L.; Organ, M. Gl. Org. Chem.
1996 61, 5358-5361. (g) Lange, G. L.; Lee, M]. Org. Chem1987, 52,
365—-331. (h) Kammermeier, S.; Herges, Rngew. Chem., Int. Ed. Engl.
1996 35, 417-419. (i) Prinzbach, H.; Weber, Kkngew. Chem., Int. Ed. Engl.
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Soc., Perkin Trans. 1986 291-297.
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(6) Typical photocycloaddition conditions: Cyclopentenone (2.2 equiv) in
pentane was added to a stirring solution of cyclobutene (1.0 equiv) in pentane
in a Pyrex test tube under,Mtm over 12 h at 510 °C. During this time, the
reaction was irradiated (450-W Hanovia lamp) through a 6-mm Pyrex filter.
The reaction was monitored by GC and stopped at approximately 80%
conversion. The precipitated enone dimer was removed by filtration. Con-
centration, followed by silica gel chromatography, yielded the desired
cycloadduct(s), as well as a small amount of the starting cyclobutene.
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Table 2. Thermal Fragmentation of Photoadducts
Thermal Product  Yield (conv.)

Pr
41% (70%)
o
16 ©

Me

Entry Cycloadduct

99% (100%)

68% (100%)

70% (100%)

88% (76%)

C2—C3 and C9-C10, 1.53 A)ff the C-C bonds that we planned
to cleave (C2C10 and C3-C9, 1.57 A) appear elongated.

Furthermore, successful solution- and vapor-phase thermolyses
on simpler but related cyclobutane-containing substrates have been
reportec® Alternatively, treatment of the strained systems with A should be favored. The isomeriz

electrophiles or transition metals might also effect the desired
transformatiort® After a brief survey of reaction conditions, we
found that simply heating the photocycloadducts in benzene
cleaved the desired-GC bonds with the highest reproducibility.
The thermolysis results are summarized in Table 2. In some

cases only a modest yield of the desired cyclooctanoid product

was obtained along with mixtures of unidentified compounds (e.g.,
entry 1). The yields improve significantly for substrates possessing
a methyl group at the ring fusion adjacent to the carbonyl group
(entries 2-5). Presumably, the quaternary center may serve to
minimize the involvement of the carbonyl in unproductive side
reactions under the forcing reaction conditions.

Of special significance is the relative stereochemistry of the
cyclooctanoid products compared to that of the photoadducts.
Contrary to expectations, the thermolysis of photoaddiict
produced cyclooctadienk?, a compound with an unanticipated
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Scheme 1.Proposed Fragmentation Mechanism

Additional work is required to differentiate between various
mechanistic pathways possible; however, one scenario is sug-
gested in Scheme 1. The diradiddl®rmed through cleavage of
either the C2-C10 or the C3-C9 bond could collapse back to
photoadducts or fragment to the correspondaigtrans1,5-
cyclooctadiene products (e.g=; A', or— A). For photoadduct
(aR, eq 2), transannular interactions should favor the formation
f conformerA’, whereas, for isomdi (SR, eq 3), formation of
ation of the corresponding
trans-olefin in the cyclooctadiene systems could then occur
through a Cope rearrangement B, or B), bond rotation
C', or C), and a second rearrangemé&tithis mechanism implies
that the C1 stereochemistry of the photoadduct dictates the
stereochemistry of the resulting produdts= Il andll — IV).

Overall, the reaction strategy represents a rapid and effective
means of preparing 5-8-5 ring systems. The concise sequence
includes a stereo- and regioselectivetf2] photocycloaddition
on functionalized cyclobutenes followed by a thermolysis of the
resulting photoadducts. Insight into the course of the fragmentation
is offered through the stereochemical relationship of the substit-
uents on the resulting eight-membered ring. Application of this
strategy toward the efficient preparation of natural product targets
is under investigation.
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